Introduction Implantable cardioverter-defibrillators improve mortality in selected high risk patients, yet population based data regarding utilization of these devices, particularly in the elderly, are limited. Methods To address this, we reviewed all ICD implantations performed in Olmsted County, MN, a geographically defined population, between December 1989 and December
Introduction
The efficacy of implantable cardioverter-defibrillator (ICD) therapy to prevent sudden cardiac death is well established in high risk patients [1, 2] . The Multicenter Automatic Defibrillator Implantation Trial II (MADIT II) and Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) have both demonstrated the benefit of prophylactic ICD implantation in primary prevention of sudden cardiac death in patients with left ventricular dysfunction [3, 4] . Populationbased data regarding trends in ICD utilization in a community setting are limited and difficult to obtain due to lack of uniform follow up.
Other studies have shown gender differences and bias in the treatment of other cardiovascular diseases [5] [6] [7] . More recent evidence has emerged from Medicare and American Heart Association databases that also suggests gender bias in ICD utilization [8] [9] [10] . Whether similar gender and age biases also occur in community based practices, however, remains unknown.
Therefore, to determine this, we undertook to examine trends in ICD utilization in a population-based study. Residents of Olmsted County represent a geographically defined group who are followed primarily at the Mayo Clinic and Olmsted Medical Center. All ICD implantations in Olmsted County are performed at the Mayo Clinic, providing an ideal setting to observe temporal trends in ICD utilization in a community based practice.
This study is important since previous studies have frequently failed to include patients >65 years old or female patients. Since age and gender bias have been demonstrated in other cardiovascular diseases, whether the findings of ICD clinical trials translate into the community setting is unknown.
Materials and methods

Study population
All new ICD implantations in Olmsted County, MN residents from December 1989-December 2004 were included. ICD generator replacement implantations were excluded. Clinical data were prospectively entered into a centralized clinical record and retrospectively analyzed. Follow-up data and death notification were obtained from the clinical record and the National Death Registry. Elderly patients were defined as patients who were 70-79 years old and very elderly patients were defined as patients who were ≥80 years old.
ICD implantation data, including defibrillation threshold (DFT) testing, was obtained from operative notes. DFT testing was performed at the time of ICD implantation in most patients. In most cases, ventricular fibrillation was induced on two occasions and a first shock programmed at either 14 J or 21 J. If 14 J was successful at restoring sinus rhythm a second shock at 14 J was performed. If 14 J was unsuccessful a second shock at 21 J was attempted. In most cases, a "step down to failure" approach was not used. DFT was considered high if ≥15 J.
Case-control analysis
Mayo Clinic is a tertiary referral center with a large referral practice both within the United States and internationally. Since the primary aim of this study was to describe temporal trends in ICD utilization in a community based practice, to adjust for referral bias we conducted a casecontrol analysis between our referral and community based ICD practice to determine if trends observed in our community based practice are broadly applicable to the general population of ICD patients. We compared a random selection of our study group (Olmsted County residents) to randomly selected age and sex matched non-resident controls from our referral practice (i.e. non-resident controls) that underwent ICD implantation at Mayo Clinic, during the study period. Non-resident controls were also matched by year of ICD implantation. Clinical and follow up data, death notification and ICD implantation data were obtained from the National Death Registry and from the same centralized clinical record as for the study population. Differences in means were compared using a Wilcoxon rank-sum tests. Differences in patient characteristics between control and study subjects amongst three defined five year periods (1989-1994, 1995-1999, 2000-2004) were compared using a Kruskal-Wallis test. A p value of <0.05 was considered significant.
Incidence rates
Olmsted County residents undergoing ICD implantation were identified using the resources of the Rochester Epidemiology Project (REP), a medical records linkage system designed to capture data on any patient-physician encounter in Olmsted County, Minnesota [11, 12] . The population of this upper Midwest community of the United States (106,470 in 1990) is relatively isolated from other urban areas, and virtually all medical care is provided to county residents by Mayo Clinic or Olmsted Medical Group and their affiliated hospitals [11, 12] .
Annual age-and gender-specific incidence rates were constructed using the age and gender specific population figures for Olmsted County, Minnesota from the United States census. Age-and gender-specific denominators for individual years were generated from linear interpolation of the 1970, 1980, 1990, and 2000 census figures. The 95% confidence intervals were calculated with assumptions based on the Poisson distribution. Trends over time, by age, and between genders were investigated using Poisson regression models. A p value of <0.05 was considered significant.
Results
Study population
A total of 179 Olmsted County residents underwent ICD implantation during the study period. Baseline characteristics and implant indications are summarized in Tables 1  and 2 . There were 147 (82%) males and 32 (18%) females, mean age 65±14 years. Underlying cardiac disease was ischemic in 128 (72%) patients and non-ischemic in 51 (28%) patients. Mean ejection fraction was 35%±16%, 38 (22%) patients had a prior history of congestive heart failure and 53 (30%) had a history of atrial fibrillation at the time of ICD implantation. Medications, including antiarrhythmic drugs, are shown in Table 1 . Initial ICD implant indication was primary prevention in 42 (23%) patients and secondary prevention for sustained ventricular arrhythmias or sudden cardiac death in 137 (77%) patients. ICD implant indications changed during the study period. In the first and second five year periods (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , all ICDs (n=19 and n=43, respectively) were implanted for secondary prevention. In the last five year period (2000) (2001) (2002) (2003) (2004) , 42 (36%) patients underwent ICD implantation for primary prevention, and 75 (64%) for secondary prevention. A dual chamber ICD was implanted in 91 (51%) patients; of these, 22 patients (24%) had high grade atrioventricular block, 9 patients (10%) had sinus node dysfunction, and 60 patients (66%) had conduction system disease demonstrated by invasive electrophysiology testing. A cardiac resynchronization therapy device was implanted in 14 (8%) patients for medically refractory heart failure.
Case control analysis
Comparison of baseline characteristics and implant indications of 47 randomly selected age and sex matched controls with 47 study patients are summarized in Tables 3 and 4 . Ischemic cardiomyopathy was the underlying etiology in 31 (66%) study patients versus 30 (65%) controls (p=0.94). Mean ejection fraction was not different in study patients versus controls (p=0.79). Medication use in study patients and control patients are shown in Table 3 . Anti-arrhythmic drug use was similar in the study group when compared to controls. There was no difference in the proportion of study patients who had a history of congestive heart failure or atrial fibrillation at the time of ICD implantation when compared to controls. Olmsted County residents were more likely to receive an ICD for secondary prevention than controls, 36 patients (77%) versus 26 patients (56%), respectively (p=0.04).
Patient characteristics and changes over time
The number of study patients who underwent ICD implantation increased over the study period, with 19 patients ICD Implantable cardioverter defibrillator, CHB complete heart block, EP electrophysiology, CRT cardiac resynchronization therapy Table 5 , and differences compared with a Kruskal-Wallis or Chi-square test. Over the study period, ICD implant indications, incidence of congestive heart failure, and medical therapy changed significantly. During the first ten years of the study period, all patients underwent ICD implantation for secondary prevention. In the last five years of the study, 42 (36%) of patients were referred for placement of a prophylactic ICD (p<0.01). The incidence of congestive heart failure (p=0.02) increased, as did use of beta blockers (p<0.01) and angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, although this change was not statistically significant (p=0.12). There was no change in baseline ejection fraction or etiology of underlying cardiac disease during the study period.
Incidence of ICD implantations
The incidence of ICD implantation per 100,000 in each of the five year periods of males and females are summarized in Table 6 and shown in Figs. 1 and 2 . Over the entire study period, the incidence of ICD implantations increased in both males and females. However, a greater increase in the incidence of ICD implantations was observed in males when compared to females (Fig. 1) , respectively, the increase in incidence rates was significantly less than that in elderly and very elderly males (p<0.01).
Discussion
The major finding of this study is that the rate of ICD implantation in this geographically defined population has increased significantly over the past fifteen years. In particular, the numbers of elderly and very elderly patients receiving an ICD has increased. An unexpected finding was that ICD implantation rates increased disproportionately in males when compared to females. ICD implant indications have evolved over the fifteen year study period, following the MADIT II trial which demonstrated the efficacy of prophylactic ICD implantation in patients with ischemic cardiomyopathy and left ventricular dysfunction [3] . Our finding that incidence rates increased most markedly in the last five years of our study period likely reflects this change in indication for prophy- DFT defibrillation threshold, CHF congestive heart failure lactic ICD implantations. In the first ten years of our study period, no patients in our study group underwent ICD implantation for primary prevention. Conversely, in the last five years of our study period (2000) (2001) (2002) (2003) (2004) , during which the MADIT II data was published, more than one-third of patients underwent ICD implantation primary prevention of sudden cardiac death. Therefore, although the largest proportion (77%) of our study patients underwent ICD implantation for secondary prevention, we believe that the significant increase in incidence of ICD implantation during the latter part of the study period most likely reflects increased referrals for prophylactic ICD implantations. Since elderly and very elderly patients comprise a large proportion of patients with ischemic cardiomyopathy and left ventricular dysfunction, it is not surprising that the highest increase in incidence of ICD implantation was observed in the elderly and very elderly.
The other changes observed in baseline characteristics, including increasing incidence of congestive heart failure and use of beta blockers, likely also reflect the evolution in ICD implant indications during the fifteen year study period and adoption of clinical trial data, especially pertaining to treatment of congestive heart failure, in the community. However, other baseline characteristics, including ejection fraction and underlying etiology of cardiac disease, have been stable over the study period.
Since our aim was to determine the impact of clinical trial data on a community based population, we accounted for probable referral bias by performing a case-control analysis comparing our community based practice to our referral (non-Olmsted County residents) practice. Our study population was similar to the referral population. Underlying etiology of cardiac disease and baseline characteristics of Olmsted County residents were not different than nonresidents referred for ICD implantation at the Mayo Clinic, although Olmsted County residents were more likely to receive an ICD for secondary prevention than non-resident controls. The similarities suggest that although the Mayo Clinic is a tertiary care center with a referral based practice, temporal trends observed in our geographically defined study population may reflect general temporal trends in ICD implantation.
A surprising finding was that the increase in the incidence of ICD implantation over the study period was significantly higher in males than females. Specifically, the incidence of ICD implantation between 2000 and 2004 was six times higher in males than females. This difference was most marked in very elderly patients, with an incidence of and Medicare database analyses, and more recently in an American Heart Association survey of patients hospitalized for heart failure as well as a large multi-center registry (National Registry to Advance Heart Health) [9, 10, 13, 14] . While the reasons for gender based differences in ICD utilization are unclear, our data suggests that the discrepancy also exists in a community-based practice. Our finding that the incidence of ICD implantation is lower in females is consistent with previous studies showing gender differences in treatment for other cardiovascular diseases [5] [6] [7] 15] . Females may be referred later and less often for coronary artery bypass grafting or cardiac catheterization, resulting in higher mortality from coronary artery disease [6, 7, 15] . Similar findings have been shown for medical therapy for myocardial infarctions; females receive less aggressive medical therapy, both acutely and at the time of discharge [5] .
One other explanation could be gender differences in the underlying etiology of cardiomyopathy and left ventricular dysfunction. Whether the recent addition of SCD-HeFT criteria to include prophylactic ICD implantation for patients with non-ischemic cardiomyopathy [4] will affect gender differences in the incidence of ICD implantation, remains to be seen. Further investigation is required to determine if this reflects gender differences in patient perceptions of ICD therapy, or physician referral bias.
Conclusions
The incidence of ICD implantation is increasing, with the greatest increase in the elderly and very elderly. Despite proven efficacy of ICD therapy, males are increasingly more likely to undergo ICD implantation than females, with this difference being more marked in the elderly and very elderly. These data suggest that ICD therapy is underutilized in females.
